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Ethnic Differences in Stroke Recurrence
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Objective: To determine whether stroke recurrence and the effect of recurrence on mortality differ by ethnicity.
Methods: Using methods from the Brain Attack Surveillance in Corpus Christi project, we prospectively identified first-ever
ischemic strokes from emergency department logs and hospital admissions (January 2000 to December 2004). Recurrent strokes
and deaths were identified for the same period. Cumulative probability of stroke recurrence was estimated. Cox proportional
hazards models were used to examine ethnic differences in recurrence and to examine the relation among ethnicity, recurrence,
and mortality.
Results: During the time interval, 1,345 first-ever ischemic strokes were validated. Median age of patients was 72 years; 53%
were Mexican American (MA). There were 126 recurrent strokes. Cumulative risk for recurrence at 30 days and 1 year was 2.6
and 7.5%, respectively. MAs had higher risk for stroke recurrence (risk ratio, 1.57; 95% confidence interval, 1.05–2.34) com-
pared with non-Hispanic white patients, adjusted for demographics, stroke risk factors, and stroke severity. Stroke recurrence was
related to mortality to a similar extent across ethnic groups (non-Hispanic white patients: risk ratio, 3.32; 95% confidence
interval, 2.07–5.32; MAs: risk ratio, 2.35; 95% confidence interval, 1.42–3.88).
Interpretation: MAs had higher stroke recurrence risk compared with non-Hispanic white patients. Stroke recurrence had an
important impact on mortality. Efforts to reduce stroke recurrence in MAs are needed.
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The burden of stroke encompasses both first-ever and
recurrent events. Each year, 700,000 people in the
United States experience strokes, and roughly 200,000
of these strokes occur in individuals with a previous
stroke history.1 In the United States, the majority of
strokes are ischemic in nature. Estimates of 30-day risk
for recurrent stroke after an initial ischemic stroke are
2 to 4%,2–5 and estimates of 1-year risk for recurrence
range from 7 to 13%.3,5–9 Recurrent strokes are asso-
ciated with worse functional outcome4 compared with
first-ever strokes and also with an increased risk for
death.7,10–12
Hispanic individuals in the United States experience
a greater burden of stroke compared with non-
Hispanic white individuals (NHWs) and may be at
higher risk of stroke recurrence.13–15 Mexican Ameri-
cans (MAs), the largest and fastest growing subgroup of
Hispanic Americans, have been shown to have an in-
creased risk for ischemic stroke compared with NHWs,
especially at younger ages.14 Other aspects of stroke
burden that have been shown to differ between MAs
and NHWs include risk factor profiles16 and survival
after stroke.17 Risk for stroke recurrence and the influ-
ence of recurrence on subsequent mortality have not
been investigated in the MA population. The goals of
this study were: (1) to estimate stroke recurrence after
initial ischemic stroke in a biethnic population; (2) to
determine whether stroke recurrence differs by ethnic-
ity; (3) to estimate the effect of stroke recurrence on
all-cause mortality after stroke; and (4) to determine
whether the effect of stroke recurrence on mortality
differs by ethnicity.
Subjects and Methods
This was a primary, prespecified analysis of the Brain Attack
Surveillance in Corpus Christi (BASIC) project. BASIC is a
population-based stroke surveillance project designed to cap-
ture all strokes in Nueces County, a geographically isolated,
urban, biethnic community on the southeast coast of Texas.
Nueces County has a population of 313,645 and is 56% MA
and 38% NHW. The county, which serves as a regional re-
ferral medical center for southeast Texas, is approximately
150 miles from Houston and San Antonio, the two closest
cities. BASIC methodology has been described previously.14,18
In brief, between January 1, 2000, and December 31, 2004,
trained abstractors, using validated screening procedures,
identified ischemic stroke cases through rigorous active and
passive surveillance of emergency department logs, hospital
admissions records, and discharge diagnosis codes, regardless
of the date of presentation. In addition, an out-of-hospital
sampling frame including 47 of 167 primary care physicians,
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4 of 11 nursing homes, and all 11 neurologists in Nueces
County was used to identify nonhospitalized stroke cases.
Using previously published criteria,19 BASIC project neurol-
ogists, blinded to subject ethnicity and age, validated cases as
stroke or no stroke. Excluded were patients younger than 45
years, those with traumatic strokes, those who were not
Nueces County residents (based on zip code), and for this
analysis, those with a history of stroke/transient ischemic at-
tack determined from the medical record. The final sample
size for the analysis was 1,345 patients.
Recurrent Stroke Events
The time period for identifying recurrent events was the
same as for index events. All hospital admissions and emer-
gency department visits for strokes subsequent to the index
event were captured using the case-ascertainment methods
described earlier. Recurrent stroke was defined as a newly
validated ischemic stroke, intracerebral hemorrhage, or sub-
arachnoid hemorrhage occurring after the index event. Be-
cause recurrent strokes were identified from subsequent hos-
pital admissions and emergency department visits, it is
possible that a new stroke occurring within the initial hospi-
talization was not detected, resulting in an underestimation
of early risk for recurrence; however, the magnitude of this
bias is likely small. In individuals with multiple recurrent
strokes, only the first recurrence was considered.
Because it is possible that recurrent strokes resulting in
death may be more likely to be missed by routine surveil-
lance, resulting in an underascertainment of the recurrence
end point, we investigated the magnitude of such bias. Spe-
cifically, we examined the frequency of recurrent strokes
identified from review of mortality/cause of death data not
captured by surveillance methods using a convenience sample
of deaths among ischemic stroke cases. The sample included
the first 100 deaths among MA and NHW ischemic stroke
cases beginning January 1, 2000. Medical records were re-
viewed by a study neurologist (L.M.) to determine the un-
derlying cause of death.20,21 If the cause of death was found
to be stroke, it was then determined whether the stroke re-
sulting in death was previously captured through the BASIC
active and passive surveillance methodology. Among the 100
mortality cases reviewed, 5 cases had insufficient data to de-
termine underlying cause of death (2 MAs; 3 NHWs).
Among cases with sufficient data, there was 1 (2.6%) recur-
rent stroke identified among MA cases (n  39) that was
not captured by routine surveillance and 2 recurrent strokes
identified (3.6%) among NHW cases (n  56), with no sig-
nificant ethnic difference, suggesting that estimates of recur-
rence risk should be minimally impacted by this issue.
Ethnicity, Stroke Risk Factors, and Stroke Severity
Ethnicity and risk factors were obtained from the medical
records. We have previously demonstrated high agreement
between ethnicity recorded in the medical record and self-
reported ethnicity in this population (  0.94).22 Risk fac-
tors included history of hypertension, high cholesterol, dia-
betes mellitus, atrial fibrillation, smoking (ever vs never), and
coronary artery disease. If the medical records specifically re-
ported either a positive or no history of any of these risk
factors, they were so recorded in the abstraction. If the med-
ical records contained no mention of a specific risk factor,
that risk factor was recorded as absent in the abstraction. We
have previously demonstrated high agreement between self-
report and medical record risk factor data for most factors
(atrial fibrillation: percentage agreement  82.1%,  
0.54; diabetes: percentage agreement  91.6%,   0.86;
coronary heart disease: percentage agreement  82.3%,  
0.63; hypertension: percentage agreement  82.9%,  
0.62; high cholesterol: percentage agreement  67.1%,  
0.37).16 To determine initial stroke severity, we retrospec-
tively calculated the National Institutes of Health Stroke
Scale (NIHSS) score from data abstracted from the medical
record in accordance with the validated method of Williams
and colleagues.23
Mortality
Mortality from all causes was ascertained through active and
passive surveillance of in-hospital strokes and through exam-
ination of Texas Department of Health death certificate data
for the state of Texas for the period January 1, 2000,
through December 31, 2004. One year was allowed to pass
before accessing the vital statistics data to ensure near-
complete capture of deaths. Personal identifiers (first and last
names, social security number, date of birth, and permanent
address) from the stroke cases were compared with those in
the Texas Department of Health death certificate database.
Linking of at least three of the five identifiers was required
for the BASIC stroke case to be considered a match to the
mortality data.
Statistical Analysis
Survival times (days) were calculated from the date of first
presentation of the index ischemic stroke case to the time of
the first recurrent stroke or death. For the stroke recurrence
end point, cases were censored at time of death or the end of
the follow-up period (December 31, 2004) for patients who
remained alive but without recurrence as of the end of the
follow up. For the mortality end point, patients who were
still alive were censored at the end of the follow-up period
(December 31, 2004). Death from all causes was considered.
To examine differences in baseline risk factors between MAs
and NHWs, we calculated odds ratios (ORs) and 95% con-
fidence intervals (CIs). Kaplan–Meier survival methods were
implemented to estimate cumulative probability of stroke re-
currence after initial ischemic stroke. Stroke recurrence in
MAs was compared with that in NHWs with a log-rank test.
We also compared stroke recurrence by ethnicity stratified by
age group (45–59, 60–74, and 75 years). Multivariable re-
gression using a Cox proportional hazards model was used to
examine ethnic differences for stroke recurrence adjusted for
potential confounders. Variables were prespecified for inclu-
sion into the multivariable model and included demograph-
ics (age [modeled continuously] and sex) and stroke risk fac-
tors (atrial fibrillation, hypertension, diabetes, coronary
artery disease, high cholesterol, smoking, and NIHSS [mod-
eled continuously and then as indicator variables based on
quartiles in a separate model]). The final sample size for the
multivariable model was 1,311 (124 recurrent strokes) due to
33 cases with missing information regarding smoking status
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and 1 case with missing information on coronary artery dis-
ease.
A Cox proportional hazards model was constructed with
stroke recurrence modeled as a time-dependent covariate to
examine the association of stroke recurrence with all-cause
mortality. Variables included in the model were prespecified
and included ethnicity, age (modeled continuously), sex,
stroke severity (NIHSS modeled continuously and then as
indicator variables based on quartiles), atrial fibrillation, hy-
pertension, diabetes, coronary artery disease, smoking, and
high cholesterol. The final sample size for the multivariable
model was 1,308 (403 deaths) due to cases with missing in-
formation regarding smoking status (n  33), coronary ar-
tery disease (n  1), and NIHSS (n  3). To determine
whether the association of recurrence with all-cause mortality
differs by ethnicity, we reran the above model stratified by
ethnicity.
All analysis was conducted in SAS (SAS Institute, Cary,
NC). The project was approved by the University of Mich-
igan Institutional Review Board and each of the Nueces
County hospitals.
Results
Abstractors screened 21,960 cases between January 1,
2000, and December 31, 2004. Of these cases, 4,775
met screening criteria and were reviewed by a study
neurologist for validation. There were 4,087 validated
cases of cerebrovascular disease during the study time
period. Two hundred twenty-five African American
cases, 18 Asian/Pacific Islander cases, and 32 cases with
unknown race/ethnicity were excluded from the analy-
sis due to small sample size, leaving 3,812 validated
cerebrovascular events (ischemic stroke, transient isch-
emic attack, intracerebral hemorrhage, subarachnoid
hemorrhage). All first-ever ischemic strokes (n 
1,345) were included in the final baseline population.
Median age of the 1,345 ischemic stroke cases was
72.0 years (inner quartile range, 61.0–80.0). Fifty-
three percent of the cases were MA (n  715), and
52.0% (n  700) were female. MAs were significantly
younger than NHWs (Table 1) and were more likely
to have diabetes (OR, 3.50; 95% CI, 2.76–4.44).
NHWs were more likely to have atrial fibrillation (OR,
1.89; 95% CI, 1.34–2.67) and more likely to smoke
(OR, 1.48; 95% CI, 1.18–1.87) compared with MAs.
Stroke Recurrence
Median length of follow-up for the stroke recurrence
end point was 534 days (inner quartile range: 139–
1,079). There were 126 recurrent strokes during the
follow-up period. Of those 126 strokes, 118 (93.7%)
were ischemic strokes (MA, 76; NHW, 42) and 8
(MA, 5; NHW, 3) were intracerebral hemorrhages.
There was no significant difference in the distribution
of recurrent stroke type by ethnicity. There were no
cases of subarachnoid hemorrhage among the recurrent
strokes.
Cumulative risk for recurrent stroke at 30 days, 90
days, 1 year, and 2 years was 2.6, 3.9, 7.5, and 11.2%
respectively. Survival free from recurrent stroke is dis-
played in Figure 1 by ethnicity, with numerical data
summarizing cumulative risk for stroke recurrence at
select time points presented in Table 2. Recurrent
stroke risk differed significantly by ethnicity (p 
Table 1. Demographics and Risk Factor Profiles by Ethnicity (n  1,345): The Brain Attack Surveillance in Corpus Christi
(BASIC) Project, Nueces County, Texas, January 2000 to December 2004
Characteristics
MA (N  715) NHW (N  630)
OR (95% CI)n % n %
Age, yr
45–59 191 26.7 96 15.2 1.00
60–74 286 40.0 202 32.1 0.71 (0.52–0.96)
75 238 33.3 332 52.7 0.36 (0.27–0.48)
Female sex 371 51.9 329 52.2 0.99 (0.80–1.22)
Hypertension 505 70.6 428 67.9 1.14 (0.90–1.43)
High cholesterol 159 22.2 132 21.0 1.08 (0.83–1.40)
Atrial fibrillation 60 8.4 93 14.8 0.53 (0.38–0.75)
Coronary artery disease 205 28.7 189 30.0 0.94 (0.74–1.19)
Diabetes 364 50.9 144 22.9 3.50 (2.76–4.44)
Smokinga 199 28.3 225 37.0 0.67 (0.53–0.85)
NIHSS scoreb
0–1 171 24.0 152 24.2 1.00
2–3 183 25.7 168 26.8 0.97 (0.72–1.31)
4–7 172 24.1 128 20.4 1.19 (0.87–1.64)
7 187 26.2 180 28.7 0.92 (0.68–1.25)
aThirty-three cases with missing data.
bFour cases with missing data.
MA  Mexican American; NHW  non-Hispanic white; OR  odds ratio comparing MAs with NHWs; CI  confidence interval;
NIHSS  National Institutes of Health Stroke Scale.
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0.0311, log-rank test), with MAs having higher recur-
rence risk (see Fig 1). Cumulative risk for recurrent
stroke by ethnicity, stratified by age group, is displayed
in Figure 2 and summarized in Table 2. From Figure
2, it appears that ethnic differences in recurrence may
be largest at younger ages. There were no significant
ethnic differences in recurrence within age groups, al-
though the number of events within each stratum was
small (age 45–59 years: 31 events [MA, 25; NHW, 6];
age 60–74: 45 events [MA, 29; NHW, 16]; age 75:
50 events (MA, 27; NHW, 23).
In the unadjusted Cox model for recurrence, the rel-
ative risk for recurrence comparing MAs with NHWs
was 1.49 (95% CI, 1.03–2.14). In the multivariable
model, with adjustment for age, sex, atrial fibrillation,
diabetes, hypertension, coronary artery disease, high
cholesterol, smoking, and NIHSS, the risk ratio (RR)
for ethnicity increased slightly and remained significant
(RR, 1.57; 95% CI, 1.05–2.34). Modeling NIHSS as
indicator variables based on quartiles of the distribu-
tion did not change the results for ethnicity (RR, 1.55;
95% CI, 1.04–2.32). Results from the multivariable
model are included in Table 3.
Stroke Recurrence and Mortality
Median length of follow-up for the mortality end point
was 597 days (inner quartile range, 170–1,136). There
were 417 (31.0%) deaths from all causes during the
follow-up period. Stroke recurrence was significantly
associated with risk for death in bivariate analysis (RR,
2.55; 95% CI, 1.83–3.55). Stroke recurrence remained
significant in the multivariable model (RR, 2.67; 95%
CI, 1.90–3.76). When the model was rerun using in-
dicator variables for NIHSS based on quartiles of the
distribution, the parameter estimate for stroke recur-
rence attenuated slightly (RR, 2.45; 95% CI, 1.74–
3.45). Results from the full model are included in Ta-
ble 4. In the stratified analysis, the effect of recurrence
on mortality did not differ significantly by ethnicity
(NHWs: RR, 3.32; 95% CI, 2.07–5.32; MAs: RR,
2.35; 95% CI, 1.42–3.88).
Discussion
This study found a significantly higher risk for recur-
rent stroke among MAs compared with NHWs. Re-
sults from a study conducted in a large urban hospital
also found that Hispanic individuals of Puerto Rican
heritage had a nearly threefold increased risk for recur-
rence compared with white individuals, although sam-
ple sizes within ethnic groups were small.15 Factors
that could explain the observed ethnic difference in-
clude ethnic differences in underlying disease pathol-
ogy, risk factor profiles, medication use and/or compli-
ance, and genetic factors. If future work confirms the
current finding that Hispanic individuals experience
greater stroke recurrence risk compared with NHWs,
factors contributing to ethnic differences should be in-
vestigated to improve outcomes after incident stroke.
Our estimates of risk for recurrent stroke agree with
previous estimates from prospective studies, lending
confidence to our recurrence risk estimates.2,3,6–9,24,25
Furthermore, to avoid bias, we did not exclude early
recurrences and we did include all types of recurrent
stroke, ischemic or hemorrhagic; 94% of recurrent
events were ischemic.
Recurrent stroke was strongly associated with all-
cause mortality and influenced all-cause mortality risk
Table 2. Cumulative Risk (%) for Stroke Recurrence by Ethnicity and Age for Select Time Points (n  1,345): The Brain Attack





30 Days 90 Days 1 Year
45–59 60–74 75 All Ages 45–59 60–74 75 All Ages 45–59 60–74 75 All Ages
MA 4.3 1.8 2.8 2.8 6.6 2.6 4.3 4.2 9.7 8.4 9.7 9.1
NHW 2.2 2.6 2.0 2.3 3.3 4.3 2.8 3.4 4.6 5.0 6.5 5.5
MA  Mexican American; NHW  non-Hispanic white.
Fig 1. Survival free of recurrent stroke by ethnicity (n 
1,345). The Brain Attack Surveillance in Corpus Christi
(BASIC) project, Nueces County, Texas, January 2000 to De-
cember 2004. Dashed line represents Mexican American indi-
viduals; solid line represents non-Hispanic white individuals.
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to a similar extent in both ethnic groups. Few studies
have quantified the magnitude of increased mortality
risk associated with stroke recurrence. One study re-
ported a ninefold increased risk for a combined end
point of death or disability at 5 years among first-ever
stroke cases due to stroke recurrence.12 Another study
reported risk for death at 12 months to be 57 and 29%
in those with and without recurrence, respectively, in a
cohort of first-ever ischemic stroke patients.7 Similarly,
another study found that mortality was nearly double
in patients with a recurrent stroke compared with those
with a first-ever stroke.11 The analysis of stroke recur-
rence in relation to mortality is not straightforward be-
cause an early death prevents an individual from hav-
ing a recurrent stroke. To avoid overestimating the
effect of recurrence on mortality risk, we used a time-
dependent analysis of the recurrent event. We found
recurrent stroke to confer a twofold to threefold in-
creased risk for all-cause mortality adjusted for con-
founders and other independent predictors. The mag-
nitude of this association was considerably larger than
other predictors of death in this population including
Fig 2. Survival free of recurrent stroke by ethnicity and age group
(n  1,345). The Brain Attack Surveillance in Corpus Christi
(BASIC) project, Nueces County, Texas, January 2000 to Decem-
ber 2004. Dashed line represents Mexican American individuals;
solid line represents non-Hispanic white individuals.
Table 3. Multivariable Model of Ethnicity in Relation to
Stroke Recurrence (n  1,311): The Brain Attack
Surveillance in Corpus Christi (BASIC) Project, Nueces
County, Texas, January 2000 to December 2004
Characteristics RR 95% CI
Ethnicity (MA vs NHW) 1.57 1.05–2.34
Age 1.01 0.99–1.03
Sex (female vs male) 1.13 0.78–1.64
Atrial fibrillation 1.26 0.70–2.27
Hypertension 1.12 0.74–1.70
Diabetes 1.35 0.91–1.98
Coronary artery disease 1.10 0.73–1.66
Smoking 1.08 0.72–1.62
High cholesterol 1.10 0.72–1.67
NIHSS 0.99 0.96–1.03
RR  relative risk; CI  confidence interval; MA  Mexican
American; NHW  non-Hispanic white; NIHSS  National In-
stitutes of Health Stroke Scale.
Table 4. Multivariable Model of Stroke Recurrence in
Relation to All-Cause Mortality (n  1,308): The Brain
Attack Surveillance in Corpus Christi (BASIC) Project,
Nueces County, Texas, January 2000 to December 2004
Characteristics RR 95% CI
Recurrent stroke 2.67 1.90–3.76
Age 1.06 1.04–1.07
Sex (female vs male) 1.08 0.87–1.34
Ethnicity (MA vs NHW) 0.66 0.53–0.82
NIHSS 1.09 1.08–1.10
Atrial fibrillation 1.05 0.81–1.38
Hypertension 0.87 0.70–1.07
Diabetes 1.33 1.06–1.66
Coronary artery disease 1.30 1.05–1.60
Smoking 1.13 0.89–1.44
High cholesterol 0.60 0.45–0.80
RR  relative risk; CI  confidence interval; MA  Mexican
American; NHW  non-Hispanic white; NIHSS  National In-
stitutes of Health Stroke Scale.
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diabetes and coronary artery disease and indicates that,
in both ethnic groups, secondary stroke prevention is
critical to improving survival after ischemic stroke.
Interestingly, in the current model predicting all-
cause mortality, MAs had better survival than NHWs
after ischemic stroke adjusted for confounders and in-
dependent predictors of mortality, despite the increased
risk for recurrent stroke in MAs and similar impact of
recurrent stroke on mortality in the two ethnic groups.
The combination of the current findings and our pre-
vious finding of decreased mortality after ischemic
stroke in MAs17 suggests that there are unidentified
factors that contribute to better survival in the MA
population. Perhaps differential social support and/or
genetic factors within ethnic groups may relate to this
ethnic association with mortality.
Limitations of this work warrant discussion. Survival
estimates from the stratified analysis were somewhat
imprecise due to the small sample size within strata,
but they are nonetheless helpful in trying to hypothe-
size about the nature of the relation between ethnicity
and recurrent stroke. The association between ethnicity
and recurrence may have been the result of residual
confounding or factors unaccounted for in the multi-
variable model. For example, we did not adjust for
stroke subtype. Ischemic stroke subtype has been
shown to influence risk for stroke recurrence in some
studies,4,8,26,27 but not others.6,28–30 We have previ-
ously demonstrated that stroke subtype does not differ
by ethnicity in this population, suggesting this factor
does not confound the observed association between
ethnicity and stroke recurrence.31 Furthermore, in a
subset of the data for this study for which ischemic
stroke subtype was available (n  250), subtype was
not related to recurrent stroke (p  0.3238), again
suggesting it is an unlikely confounder. Use of or com-
pliance with secondary stroke prevention medications
may influence risk for recurrent stroke. We have dem-
onstrated previously that among ischemic stroke cases
in this population, there were no ethnic differences in
the proportion that report taking medications for
stroke risk factors or other secondary stroke prevention
medications.14 Nonetheless, it is unclear whether dif-
ferences may exist in control of traditional vascular risk
factors, such as diabetes and hypertension, in MAs and
NHWs. Differences in physician treatment, patient
compliance, or differential drug effectiveness by ethnic-
ity could also translate into increased stroke recurrence
for MAs. In our multivariable models, we adjusted for
potential confounders but did not explore possible in-
teractions in these variables due to the limited number
of outcome events. It would also be of interest to un-
derstand how these factors may interact to influence
recurrence, mortality, or both. It is possible that some
recurrent strokes may have been missed. In this analy-
sis, recurrent strokes were identified among subsequent
hospital admissions, emergency department visits, or
both. It is possible that an individual may have expe-
rienced a new stroke during his or her initial hospital-
ization that was not captured, although this is unlikely.
In addition, if individuals sought medical care outside
of the study county for a recurrent stroke, the event
may have been missed; however, the study community
is stable with minimal efflux.18 In our analysis of a
convenience sample of deaths among ischemic stroke
cases, we found the frequency of recurrent strokes
missed by our surveillance methods to be small at 2 to
3% with no difference by ethnicity. Therefore, our es-
timates of risk for recurrence may be underestimated,
but the finding of an ethnic difference in risk for re-
currence was likely not affected by ascertainment bias.
In this analysis, recurrent strokes were the only vascular
events recorded. It would also be of interest to inves-
tigate the rate of other vascular events after stroke, and
this should be considered in future studies. Caution
should be taken when generalizing these estimates to
other communities, which may differ by ethnic com-
position or sociodemographic structure.
In summary, MAs had higher stroke recurrence risk
compared with NHWs; however, recurrent stroke in-
fluenced all-cause mortality to a similar extent across
ethnic groups. These findings add to the literature re-
garding the burden of stroke in MAs, the fastest grow-
ing segment of the US population. Efforts to reduce
stroke recurrence in MAs are needed.
This study was funded by the NIH (National Institute on Neuro-
logical Disorders and Stroke, RO1 NS38916, L.B.M.).
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